This paper investigates the impacts of Taipei Mass Rapid Transit (MRT) system on household car ownership and analyses how socioeconomic characteristics affect household car ownership. We employ a difference-in-difference (DID) strategy integrated with generalized Poisson regression models to examine the effects of MRT. The results are as follows: first, the establishment of Taipei MRT significantly reduced the level of household car ownership. Expanding the network of MRT system can be a feasible policy to control car ownership. Second, the levels of household car ownership are related to household's socioeconomic characteristics. Third, households with high dependence on public transport own fewer cars after Taipei MRT began operation. Hence, the traffic authority should adopt more effective methods to encourage public transit use in order to decrease household car ownership.
INTRODUCTION
In 1996, the mass rapid transit system was established in Taipei, becoming Taiwan's first and most developed MRT system. Taipei MRT is operated by the Taipei Rapid Transit Corporation. The number of passengers using Taipei MRT increased from 11 million persons in 1996 to 659 million persons in 2012. From 1996 to 2012, the average annual growth rate of MRT passengers was 37%. In the same period, average car ownership per household exhibited a downward trend in Taipei and decreased from 0.56 in 1996 to 0.52 in 2012. The level of household car ownership in Taipei had a lower trend than that in the whole Taiwan. From 1996 to 2012, average car ownership per household had decreased by an annual rate of 0.04% in Taipei compared to an increase of 1.08% in the whole Taiwan. Thus, we are interested in the question that "Was the reduction of household car ownership attributed to Taipei MRT?" In this paper, we investigate whether Taipei MRT can effectively reduce household car ownership and how demographic and socioeconomic characteristics affect household car ownership. To examine the effects of Taipei MRT on household car ownership, we use the Poisson, generalized Poisson, and zero-inflated Poisson (ZIP) regression models. We employ a difference-in-difference (DID) strategy integrated with these models. We find that the generalized Poisson regression model is more appropriate than other two models. The empirical results are as follows. First, we verify that the establishment of Taipei MRT significantly reduced the level of household car ownership. Thus, expanding the network of MRT system can be a feasible policy to control car ownership. Second, the levels of household car ownership are related to households' demographic and socioeconomic characteristics. Third, the evidence shows that households with high dependence on public transport own fewer cars after the establishment of Taipei MRT. In other words, to encourage public transit use can decrease the level of household car ownership. The results can clarify the determinants of household car ownership and highlight the importance of the MRT system for transportation planning and energy sustainability.
The structure for the remainder of the paper is as follow. Section 2 describes the models and the identification strategy. Data description is also included in this section. Section 3 reports our empirical findings. Section 4 draws the conclusions and describes the policy implications of the results.
METHODS AND DATA

Methods
The Poisson, generalized Poisson, and zero-inflated Poisson regression model. In this paper, household car ownership decisions are modelled in three approaches: the Poisson regression model, generalized Poisson regression model and zero-inflated Poisson regression model. The Poisson regression is a standard framework used to analyse discrete counts. The standard Poisson probability function of household car ownership (Y i ) can be written as follows:
where i indexes households. The mean and variance of i Y are given by E(Y i )=μ i and V(Y i )=μ i . The restrictive assumptions that the variance and mean of the count variable are equal may not be suitable to handle some types of count outcomes. In practice, the variance can either be larger or smaller than the mean. The phenomenon of excess variability is called over-dispersion, while the opposite phenomenon with the variance less than the mean is under-dispersion. The generalized Poisson regression model developed by Consul and Famoye (1992) and Famoye (1993) is more flexible and allows for over-dispersion or under-dispersion [22, 23] . The generalized Poisson probability function of household car ownership ( i Y ) can be expressed as the following:
The mean and variance of variables and β is a k-dimensional vector of regression parameters. The mean parameter i  can be modelled via log link function:
. α is the dispersion parameter. When α equals zero, the probability function reduces to the Poisson probability function. For positive value of , it represents count data with over-dispersion. For negative value of α, it represents count data with under-dispersion. To examine whether the generalized Poisson regression model is more suitable than the Poisson regression model, we can test the null hypothesis 0 :
using the asymptotic Wald t-statistic. When the null hypothesis is rejected, the use of generalized Poisson regression model can be supported. Alternatively, we can use the likelihood ratio test (LR test) to compare the fit of two models. The LR test statistics can be approximated using a chi-square distribution.
Another problem for count data is the presence of excess zeroes. The Poisson regression model which does not take account of many observed zeroes has the potential to result in biased coefficients and inaccurate stander errors. To accommodate the preponderance of zero count, we use the zero-inflated Poisson regression model proposed by Lambert (1992) [24] . The zero-inflated Poisson (ZIP) regression model includes two regressions: one predicting whether the count occurs and the other one predicting differences on the occurrence of the count. Consider a discrete random variable i Y with a zero-inflated Poisson distribution: z may or may not coincide. Although the ZIP model can solve the problem of preponderance of zeroes, there is no specific ratio of zero to nonzero counts used to determine if a particular distribution is zero-inflated. However, post hoc analyses can provide information to determine which model is the fittest one. To compare the ZIP and Poisson model, we can use the Vuong test which is based on a comparison of the predicted probabilities of two models that do not nest [25] . The test statistic is not asymptotically distributed standard normal. When the null hypothesis that the competing models are equally close to the true data generating process can be rejected, and it provides evidence of the superiority of the ZIP model over the Poisson model. With regard to model selection between the generalized Poisson and ZIP regression models, the LR test described previously can be used. Furthermore, the Akaike information criterion (AIC) and Bayesian information criterion (BIC) can be used to measure the fit of models. The model with a lower information criterion is preferred.
Identification strategy: the difference-in-difference method. The purpose of this study is to identify the effects of Taipei MRT on household car ownership. We employ a difference-in-difference strategy that is integrated with the Poisson, generalized Poisson, and ZIP regression models. The DID method innovated by Ashenfelter and Card (1985) is used as an evaluation method to make causal inferences [26] . This method is widely applied to evaluate the impact of public policies. Ashenfelter and Card (1985) developed a DID methodology to estimate the effects of training programs on earnings [26] . Card and Krueger (1994) examined the impact of increase in New Jersey's minimum wage on employment in New Jersey's fast food restaurant [27] . Eissa and Liebman (1996) analysed how the labour force participation responds to the earned income credit [28] . Finkelstein (2002) investigated the impact of the tax subsidy to employer-provided health insurance on coverage by such insurance [29] . Hardoy and Schone (2010) studied the effect of a Norwegian family policy program on labour market participation [30] . Strumpf (2011) identified whether the public health insurance program affects on eligible women's labour force participation [31] . In the field of transport research, Li, et al. (2012) used the DID method to test the causal effect of the London congestion charge on road accidents [32] .
However, the DID method has not been used to analyse public transport policies and vehicle ownership research. We employ the DID method in the analysis of public transport policies and embed this method in our models. Essentially, the DID method is based on comparing the difference between the two groups before and after the policy introduction. One group is the treatment group which is affected by the treatment in one period. The other group is the control group which is not affected by the treatment during both periods. Thus, a difference-in-differences estimator of the policy can be formed.
The key of the DID method is to select a proper control group. In Taiwan, Taipei and Kaohsiung are the two largest cities and have similar conditions in city development. However, the timing of MRT development in these two cities is different. Taipei MRT began operating in 1996, whereas the Kaohsiung MRT was established in 2007. There is no mass rapid transit system in Kaohsiung during the sample period. We can use the household data in Taipei as the treatment group and the household data in Kaohsiung as the control group. In order to provide a comparison between the changes in household car ownership affected by the MRT and the change in household car ownership not affected by the MRT, the sample period must cover the period before and after the establishment of Taipei MRT. Thus, the sample period is from 1986 to 2006 including the period before and after the MRT operation. However, the data in 1996 are excluded because the MRT effect is ambiguous in the first year of operation. In other words, we compare the change in household car ownership from a before to an after-period for similar areas (Taipei and Kaohsiung) in different time periods (1986-1995 versus 1997-2006) .
Based on the generalized linear models for count data discussed previously, the DID model can be written as follows: 

captures the treatment effect we are interested in. The marginal effects of covariates can be interpreted via the estimated incidence rate ratio, which can be obtained from the exponentiated coefficients. The DID estimator is the difference in average outcome in treatment group before and after the treatment minus the difference in average outcome in control group before and after the treatment. The DID estimator can be presented as follows:
In Eq. 5, the first bracket, ) (
, measures the change in household car ownership of the treatment group between the before and after period. The second bracket, ) (
, measures the change in household car ownership of the control group between the before and after period. As shown in Eq. 6, the DID estimator is an unbiased estimator. If Taipei MRT is effective to reduce household car ownership, the sign of the DID estimator should be negative.
The conventional DID method is based on the strong assumption that the average outcomes for the treated and control groups would have followed parallel paths over time in the absence of the treatment. In practice, this assumption is implausible if the treatment and control groups are unbalanced in covariates that are associated with the dynamics of the outcome variable. To consider this problem, a vector of covariates X can be introduced to the DID model to capture compositional differences between the treatment and control groups [32, 33] . The use of covariates can describe how the average effect of the treatment varies with changes in observed characteristics and represent heterogeneity in outcome dynamic. In addition, the effect of the treatment is allowed to differ among individuals.
Data
The household data is based on Taiwan's Family Income and Expenditure Survey (FIES) from 1986 to 2006 including the period before and after the establishment of Taipei MRT. The FIES is a nationwide cross-sectional survey which has been conducted annually by the Taiwanese government since 1964. There are about 14,000 households sampled independently each year, but households are not tracked. This database collects household characteristics and demographic information, property and facilities, income, and expenditures.
In this paper, we focus on how Taipei MRT affects household car ownership. We restrict our observations to households in the two biggest cities in Taiwan: Taipei and Kaohsiung. Taipei locates in the north of Taiwan, and Kaohsiung locates in the south. We use Taipei households which are affected by Taipei MRT as the treatment group (area=1) and Kaohsiung households which are not affected by Taipei MRT as the control group (area = 0). mrt is a dummy variable equal to 1 for the period of 1986-1995, and 0 for the period of 1997-2006. We exclude the data for 1996, the year that Taipei MRT began operation, because the effect of Taipei MRT on household car ownership was unclear. The full sample comprises 72800 households. The DID method does not require the treatment and control groups to have the same demographic characteristics. Although these two cities are similar in city development, other factors may lead to differences in household car ownership between the treatment and control groups [33] . Therefore, we use household head characteristics and household characteristics as the independent variables.
A household head is defined as the main earner or economic supporter in the household. Household head characteristics contain age (age), educational attainment (edu), gender (gender), whether or not an employee (emp), and whether or not participate in the labour market (work). Education level is an ordinal variable with four categories, including primary school, high school, college or university, and graduated school. We assign scores 1, 2, 3 and 4 to these four levels. Gender is measured by a dummy variable, taking the value 1 if the household head is male and 0 otherwise. Whether a household head is an employee is measured by a dummy variable, taking the value 1 if a household head is an employee and 0 otherwise. This variable is intended to capture the difference of employment status that an employer with better economic ability and higher socioeconomic status may incline to own a car. Labour market participation is a dummy variable, taking the value 1 if a household head participates in the labour market and 0 otherwise. This variable can capture mobility needs of households [34] .
Household characteristics consist of household size (size), household income (income), the number of parking lots (park), and the number of motorcycles per household (moto). The variable of household size is involved. We expected the sign of this parameter to be positive, highlighting the need for vehicles as the number of household members increase. Household income is an important factor in the vehicle demand function. Whether household decide to buy vehicles or not and what kind of vehicles they choose are economic decisions. Many studies have verified that car ownership is related to the economic ability of households [10, 35] . In this study, we use disposable income to measure the economic ability of households. The household disposable income variables are deflated using the Consumer Price Index, whose base year is 1996. The number of parking lots self-owned by a household is included in the model because easy car parking may be also a key point for households to own cars. In an alternative specification, we consider the number of motorcycles per household as an explanatory variable, since there may exist an unknown relationship between car ownership level and motorcycle ownership level. The relationship may be positive if there is a complementary effect, and negative if there is a substitution effect. Table 1 presents descriptive statistics of the variables for the treatment and control groups in the pre-treatment and post-treatment years. The mean values for the continuous variables and ratios for the categorical variables are reported. The average number of cars per household in Taipei before and after the treatment is less than that in Kaohsiung. If we compare the count data in the two periods, the level of household car ownership increases 0.06 (from 0.57 to 0.63) in Kaohsiung during the study period, whereas it increases 0.04 (from 0.42 to 0.46) in Taipei.
Moreover, Figure 1 shows that the level of household car ownership in Taipei rises more slowly than that in Kaohsiung. This difference exhibits the possibility that household car ownership in Taipei may reduce due to the operation of Taipei MRT. This conjecture should be examined after other covariates which may lead to the difference between the treatment and control groups were taken into account. The descriptive statistics show that household heads in the treatment group are younger, had higher education level, and are with a higher proportion of males and employees. Besides, households in the treatment group owned fewer motorcycles and had higher income. We control for differences in observable characteristics so as to increase confidence in the empirical results.
We observe that the variance of household car ownership is smaller than the mean for the treatment and control groups. This phenomenon reveals that we should employ the generalized Poisson model to estimate. Besides, we should take note of the presence of excess zeroes in the sample. The ratios of zero counts are high in the pre-treatment period: 60.31% in Taipei, and 59.80% in Kaohsiung. Thus, this phenomenon implies that the ZIP model should also be considered. 
EMPIRICAL RESULTS
We employ the Poisson regression model (Model 1), generalized Poisson regression model (Model 2)
, and ZIP regression model (Model 3) to investigate whether the Taipei MRT can reduce household car ownership. We use the DID method as the identification strategy in these three models. All regression analyses were conducted in Stata version 12.0. Table 2 reports the results of estimation and testing for the Poisson, generalized Poisson, and ZIP regression models. Model selection is an important part of the statistical analysis. In the Poisson regression model, the Pearson dispersion statistic and the Deviance dispersion statistic can offer us information to judge whether the Poisson model is appropriate. 1 If there is no over-dispersion or under-dispersion, the statistic will be close to 1. The data may be under-dispersion if the statistic is less than 1 and over-dispersion if the statistic is greater than 1 [36] . Our results show that the Pearson dispersion statistic is 0.6839, and the Deviance dispersion statistic is 0.6846. This result implies the data is under-dispersion. Additionally, the ZIP model which accounts for the excess zeroes by predicting a dichotomous outcome and a continuous outcome was estimated. To compare the ZIP model to the standard Poisson model, we use the Vuong test testing for the null hypothesis that both models are equally similar to the observed distribution [25] . The results show that z-value is 20.61 and significant at the 1% significant level. Therefore, the ZIP regression is preferred to the Poisson regression model. As shown in Table 2 
Model selection
The responses of household car ownership
Since the adequacy of the generalized Poisson regression over other two models was confirmed, the following interpretation of predictors would be based on the generalized Poisson regression. First, as shown in Table 2 , we focus on the variables specified by the DID method. The coefficient of area captures unobserved differences related to household car ownership between households in Taipei and Kaohsiung. We find that the coefficient of area is significantly negative. Thus, Taipei households tend to own fewer cars than Kaohsiung households. This result may be related to the high population density and limited parking spaces in Taipei. In addition, the coefficient of mrt is significantly positive. Therefore, the level of household car ownership in Taipei and Kaohsiung has an increase in the second period compared to the first period. This result is consistent with the information that data description discloses. As for the treatment effect we are interested in, we find that the coefficient of area × mrt is significantly negative at the 1% significant level, suggesting that Taipei MRT can reduce household car ownership. This result is consistent with the findings of Cullinane (2002) and Matas and Raymond (2008) , suggesting that the improvement of public transit system can decrease the number of car ownership [8, 16] .
The strong increase in Taipei MRT use reflects the effectiveness of Taipei MRT. The extension of Taipei MRT along with multiple bus lines constructs a well-developed public transport network and makes urban transport time-saving, efficient and clean. From 1996 to 2012, the average annual growth rate for the passenger-kilometres travelled and the number of passengers are 37% and 46%, respectively. Taipei MRT offers people safety, comfortable, and time-saving services. When people's income increases, they will prioritize the quality of transit services. Therefore, the MRT system attracts those people who can afford to the MRT fare. Furthermore, the Taipei MRT agency offers some discount policies for passengers. For example, passengers who transfer from the MRT to bus or vice versa within one hour will receive a discount. Cullinane (2002) suggested that good and cheap public transport services are vital to the effective provision of public transport [16] . Redman et al. (2013) indicated that the quality attributes of reliability and frequency are most important in determining general public transport demand, while accessibility, reliability, and mobility attributes of public transport services are most attractive to car users [37] . Thus, improving the quality of public transport services with a reasonable fare may not only encourage the use of public transport but also decrease the use of cars.
Second, we look at the coefficients of household head characteristics. At the 5% significance level, the coefficients of age and emp are significantly negative, whereas the coefficients of gender, work, and edu are significantly positive. These results suggest that households with older household heads own fewer cars than those with younger household heads. Household heads who are employees own fewer cars than those who are employers. We also find that there exists gender difference in household car ownership. Male-headed households incline to have more cars than female-headed households. Household heads with a job have more cars than household heads without a job. Moreover, the number of household car ownership will increase with education level of household heads.
Third, we observe the coefficients of household characteristics. The coefficients of size, park, and income are significantly positive at the 1% significance level. The result indicates that household car ownership will increase with the number of household members. The positive effect of household size on the level of car ownership is consistent with the results of Dargay (2002) [10] . In addition, the results show that the number of self-owned parking lots has positive effects on the level of car ownership. Because of population growth in Taipei and Kaohsiung, the number of self-owned parking lots exhibits a downward trend. For example, in Taipei, the number of self-owned parking lots reduces from 0.79 during the period of 1986-1995 to 0.10 during the period of 1997-2006. The decrease of parking lots owned by households may be related to slow growth in household car ownership level.
It is worth noting that the level of household income is positively related with household car ownership. The positive income effect on car ownership also has been evidenced by previous research, such as Dargay and Gately (1999) [2] , Dargay (2001) [7] , Dargay (2002) [10] , and Dissanayake and Morikawa (2010) [12] . However, Jou et al. (2012) find that the long-run relationship between household income and car ownership exists for Kaohsiung but not for Taipei [35] . They suggest that driving car in Taipei is not convenient because of high population density, heavy traffic, and the well-developed public transport system in Taipei. In Kaohsiung, the significantly positive effects of household income on car ownership can be attributed to the poor public transit and easy car parking. Therefore, our results obtained from cross-section data can be regarded as a complement to the findings of Jou et al. (2012) obtained from time series data. Our results verify that households will own more cars if their economic ability improve, but Taipei MRT can prevent the growth in car ownership level. Therefore, we can draw the same conclusion that the well-developed public transport system in Taipei can serve as a way to decouple household income and car ownership.
Alternative specifications
To improve the reliability of policy effect, we estimate the generalized Poisson model with alternative specifications. Results of alternative specifications for the generalized Poisson regression model are reported in Table 3 . Model 4 considers the year fixed effects. Model 5 incorporates the level of motorcycle ownership into the model. Model 6 includes the effect of public transportation use interaction. In the model 4, we account for the specific time effects because the data is collected from different years. To control for the year fixed effects, the dummy variables for each data year are included [38] . The omitted year is 1986. In this type of specification, we replace the variable mrt with these dummy variables for each year. As shown in Table 3 , all the year dummy variables are significant in Model 4, except the year 1991. Moreover, we use the LR test to examine whether Model 4 is more appropriate than Model 2. The statistics of LR chi-square with 18 degrees of freedom is 3379.57 and significant. This result supports that the specification of using the dummy variables for each year can improve the fitness of model. In term of the effect of Taipei MRT, we find that the coefficient of area × MRT is negative and significant at the 1% significance level. Therefore, the hypothesis that the level of household car ownership decreases after the establishment still can be confirmed. In addition, the results of other variables are consistent with those in Model 2.
In the Model 5, we further include the variable of motorcycle ownership in the model since motorcycles and public transport are the alternate modes that car drivers could switch to. The literature shows that motorcycle usage in Taipei has been still experiencing continuing growth, even the service quality of public service has been improved [20, 21] . The relatively slow growth in the level of household car ownership in Taipei may be due to the upward trend of motorcycle ownership level. Therefore, we try to control for the level of household motorcycle ownership in the model. The results of Model 5 indicate that the coefficient of moto is positive and significant at the 1% significance level. This result rejects the conjecture that motorcycle ownership may be substitute for car ownership. In fact, the relationship between the level of motorcycle and car ownership will be determined by the income effect and substitution effect. The growth of private vehicle ownerships is associated with the increase in the income levels. However, once the income level grows up to a certain level, people will shift from motorcycle to car ownerships for their prestige, convenience, comfort and safety [5] . Therefore, the positive relationship between motorcycle and car ownership may be due to the income effect dominate the substitution effect. The LR test is used to compare the fit of model 4 and model 5. The statistics of LR chi-square with 1 degree of freedom is 200.53 and significant. This result confirms that Model 5 is better than Model 4. As for the treatment effect, the coefficient of area × mrt is significantly negative. Consequently, the negative impact of Taipei MRT on the number of household car ownership is consistent with the finding of previous specification.
The Taipei MRT system has contributed to the improvement of public transport network. The expansion of public transport network can induce car drivers to use public transport. Furthermore, the traffic authorities have enacted many policies to encourage people to use public transportation, such as discounts on public transportation fares, transfer information provision, and increasing car parking fees. However, the increase in public transport use does not mean that the level of car ownership will decrease. To explore whether car users really switch to public transport and own fewer cars after the establishment of Taipei MRT, we add an interaction term F × area × mrt in the model, which is denoted as Model 6. The new dummy variable, F, equals to 1 if the household is relatively high dependence on public transport and 0 otherwise. We define households with high dependence on public transport as the top 50% households ranked by households' public transportation expenditure. This specification can examine whether households with high dependence on public transport really reduce the level of car ownership. As shown in Table 3 , the coefficient of F × area × mrt is negative and significant at the 1% significance level. This result verifies that households with high dependence on public transport in Taipei indeed own fewer cars after the establishment of Taipei MRT. In other words, the strategies that encourage people to use public transit can decrease the level of household car ownership. We use the LR test to compare the fit of model 5 and model 6. The statistics of LR chi-square with 1 degree of freedom is 106.35 and significant. This result shows that Model 6 is better than Model 5. To compare the coefficients of area × MRT among Model 4, Model 5, and Model 6, the introduction of variables does not have a sizable impact on the treatment effect in term of magnitude. Hence, we can obtain the same conclusion that Taipei MRT is effective in controlling the level of car ownership.
CONCLUSIONS
This paper investigates whether the Taipei MRT system can effectively control the level of household car ownership. And, we analyse how demographic and socioeconomic characteristics determine the level of household car ownership. The household data is based on Taiwan's family income and expenditure survey from 1986 to 2006 including the period before and after the establishment of Taipei MRT. The full sample comprises 72800 households. We use the Poisson, generalized Poisson, and zero-inflated Poisson regression models. The difference-in-difference method was employed as a strategy to examine the effects of MRT.
The empirical results verify that the establishment of Taipei MRT significantly reduced the level of household car ownership. The effectiveness of this transportation policy can be attributed to the extension of Taipei MRT system and the improvement of service quality. The first line of Taipei MRT began operation in 1996. The length of Taipei MRT network has expanded from 10.5 km in 1996 to 115.6 km and ten lines in 2013. The average monthly total ridership of Taipei MRT has grown significantly from 1.1 million in 1996 to 54.9 million in 2012. The extension of Taipei MRT along with multiple bus lines constructs a well-developed public transport network and makes urban transport time-saving, efficient and clean. Thus, expanding the network of MRT system can be a feasible policy to control car ownership. Some strategies, such as enhancing the availability of transfer information and updating transit information timely, are helpful to move passengers efficiently and improve service quality. In addition, the Taipei MRT agency offers some discount policies to attract passengers. Thus, improving the quality of public transport services with a reasonable fare may not only encourage the use of public transport but also decrease the use of cars.
The Taipei MRT system has contributed to the improvement of public transport network. However, the increase in public transport use does not mean that the level of car ownership will decrease. We use the alternative specification to explore whether car users really switch to public transport and own fewer cars after the establishment of Taipei MRT. The evidence shows that households with high dependence on public transport own fewer cars after the establishment of Taipei MRT. In other words, the strategies that encourage people to use public transit can decrease the level of household car ownership. The results can clarify the determinants of household car ownership and highlight the importance of the MRT system for transportation planning and energy sustainability.
